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A method and apparatus for monitoring electrical signals 
propagated through a living organism. A bipolar electrode is 
placed in contact with the tissue of the organism. Means is 
operatively connected to the electrode for performing a 
Hilbert transform on signals from the electrode. The indi 
vidual electrodes of the bipolar electrode are preferably 
spaced-apart a distance (1 so as to satisfy the equation: 
|1tBd/vI<11:/2. The Hilbert transform can be implemented by 
performing a Fourier transform on the signal, multiplying 
the signal by the imaginary number j, changing the sign of 
the signal at all negative frequencies, and then performing a 
reverse Fourier transform on the signal. The resulting signal 
is then displayed. Preferably brush tip electrodes are used for 
EMG signals although the method and apparatus is also 
applicable to needle electrodes. 
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RECORDING BIOLOGICAL SIGNALS USING 
HILBERT TRANSFORMS 

RELATED APPLICATION 

This is a continuation-in-part of US. patent application 
Ser. No. 07/969,458 ?led Oct. 30, 1992, now US. Pat. No. 
5,298,572, and of an application ?led Nov. 24, 1993 entitled 
BRUSH-TIP ELECTRODE under Ser. No. 08/1 56,732, now 
US. Pat. No. 5,443,559. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to methods and apparatuses for 
recording biological signals from living organisms, particu 
larly using bipolar electrodes and Hilbert transforms. 

2. Description of Related Art 
Nerve and muscle ?bers are excitable cells which produce 

electrical signals propagating along the ?bers when excited. 
The electrical signals propagating along the nerve or muscle 
?bers are called action potentials (APs). The muscle ?bers 
are organized in groups called motor units (MUs). MUs are 
the smallest functional groups of muscle ?bers innervated by 
single neurons. When stimulated by a neuron, either all the 
muscle ?bers o?° a MU will be innervated, or none of them 
will. The summation of the APs of all the simultaneously 
activated muscle ?bers of a MU is called the MUAP. An 
electromyographic (EMG) signal is the summation of the 
repetitive APs of muscle ?bers or MUs during muscle 
contractions. The EMG signals may be used for diagnosis of 
neuromuscular diseases, investigation of motor control 
mechanism, and orthotic control. They may be recorded 
with needle electrodes and, for most super?cial muscles, 
surface electrodes as well. Needle electrodes are inserted 
into muscle tissue to detect EMG signals, while surface 
electrodes are placed on the skin above the muscle to detect 
the signals. Conceptually, surface recording techniques are 
preferable because they are noninvasive. Nevertheless, 
needle recording techniques have become the standard and 
widely used in clinical EMG examinations because surface 
EMG recording technology had not, prior to this invention, 
advanced to the point where it could provide as good quality 
EMG signals as needle recording technology. 

Advanced recording technology is required for the use of 
surface EMG in clinical examinations. What is expected in 
a surface EMG signal is the detailed information about 
MUAPs. EMG signals recorded with traditional surface 
electrodes with large skin-electrode contact area and con 
ventional monopolar or bipolar electrode con?gurations 10 
usually do not contain detailed information about MUAPs. 
In an effort to develop advanced surface EMG recording 
methods, a number of avenues have been explored in the 
literature. Large electrode arrays with more than 50 contacts 
have been proposed by Masuda and Sadoyamaet [1988] for 
the investigation of the generation and propagation of the 
MUAPs. Reucher et al. [1987] suggested pin electrodes with 
needle points be used as the basic electrodes in an electrode 
array to reduce the skin-electrode impedance. Reucher et al. 
also considered spatial ?ltering techniques which differen 
tiate individual signals obtained with the pin electrodes in 
the spatial domain to record surface EMG signals selec 
tively. McKingley and Parker [1991] developed a beam 
former method which improves the signal to noise (S/N) 
ratio by averaging the signals recorded at different locations 
along the nerve ?bers. In spite of such efforts, no surface 
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2 
EMG recording method has become practical for routine 
clinical examinations. 

In an earlier US. patent application. Ser. No. 07/969,458 
?led Oct. 30, 1992, Chen et al. describe a practical EMG 
electrode array. The array is a miniature active electrode 
array which makes it easy to record multi-channel surface 
EMG signals. Earlier investigations indicated that the spatial 
?ltering techniques proposed by Reucher et al. are elfective 
in reducing the complexity of the surface EMG signals, but 
the spatial ?lters reduce the S/N ratios of the signals sig 
ni?cantly. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a surface 
EMG recording apparatus and method which are a workable 
alternative to needle EMG recording technology for routine 
clinical EMG examinations. 

It is another object of the invention to obtain EMG signals 
on the skin above the muscle with the least distortion to the 
signal and the least reduction of the S/N ratio. 

In accordance with these objects, there is provided an 
apparatus for monitoring electrical signals propagated 
through a living organism. The apparatus includes a bipolar 
electrode and means operatively connected to the electrode 
for performing a Hilbert transform on a signal frown the 
electrode. 
The bipolar electrode may include a pair of brush tip 

electrodes. The brush tip electrodes are preferably spaced 
apart a maximum distance de?ned by the equation: 

Where 

d?istance between the brush tip electrodes, and 
B=frequency band of signals in Hz 
v=average conduction velocity of muscle ?bres. 
The invention also provides a method for processing 

electrical signals from an electrode mounted in contact with 
a living organism. The method includes processing the 
signals with a Hilbert transform. 
The method may include performing a Fourier transform 

on the signal and multiplying the Fourier transformed signal 
by —j sgn (f), where —j is the imaginary number and 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simpli?ed, partly diagrammatic side elevation 
of an apparatus according to the invention mounted in 
contact with a living organism; 

FIG. 2 is a graph showing ?lter functions in EMG 
recordings with surface bipolar electrodes; 

FIG. 3 is a graph showing combined ?lter functions for 
volume conduction and recording methods; 

FIG. 4 is a graph comparing BEHT and DDSF recording 
methods; 

FIG. 5 is a ?ow chart of a BEHT recording method 
according to the invention; 

FIG. 6 is a side elevation, partly in section, a brush tip 
electrode according to an embodiment of the invention; 
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FIG. 7 is a bottom plan view of a brush-tip electrode 
array; and 

FIG. 8 is a sectional view taken along line 8-—8 of FIG. 
7. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

THEORY 

Hilbert Transforms 

Hilbert transforms are useful tools in signal analysis and 
communication theory. The representation of signals by 
Hilbert transforms makes it easy to describe the modulation 
and demodulation process in communication theory. How 
ever, they are used in this invention not because they are 
convenient tools for signal analysis, but because they are 
related to the transfer function of a bipolar electrode. The 
following are those properties of Hilbert transforms which 
are relevant for the development of the BEHT method. 

The Hilbert transform of a signal x(t) is de?ned as: 

(1) 

I — T 

The symbol H[] stands for the “Hilbert transform of’, and 
the character P means to take the principal value of the 
integral to ensure convergence. 

That is, the Hilbert transform of the Hilbert transform of 
a signal x(t) is the same signal x(t) except for a sign change. 

Let the symbol F[] stand for the “Fourier transform of’, 
the following relationship holds: 

where 

1 f> o (4) 

sgn(f) : 0 f= O 

—1 f < 0 

Hilbert transforms do not change the amplitude-frequency 
characteristics of a signal, but they do change the phase 
frequency relationship. 

The Transfer Function of a Bipolar Electrode 

The transfer function of a bipolar electrode has been 
de?ned as: 

F,,(/)=2j sin (rtfd/v) (5) 

where d is the interelectrode distance of the bipolar elec 
trode, and v is the conduction velocity of the myoelectric 
signal to be detected. The bipolar electrode should be placed 
in the direction of muscle ?bers, and the propagation veloc 
ity of the myoelectric signal is assumed to be constant. 

It has been previously noticed that there are two effects of 
the bipolar electrode on the myoelectric signal power spec 
trum: (l) in the low-frequency region, the transfer function 
behaves like a differentiating ?lter that adds a positive slope 
of 6 dB/octave to the spectrum of the signals; (2) at certain 
frequencies, the transfer function introduces into the spec 
trum the so-called dips where the amplitude of the spectrum 
drops to zero. The dips occur at those frequencies where the 
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4 
sine function is equal to zero, i.e., at the following frequen 
cies: 

f=nv/d where n=-_*-l, i2, . . . (6) 

The diiferentiating property is a desired property because 
it suppresses some background interference signals which 
are basically in the low-frequency range, and it improves the 
selectivity of the electrode. The dips are related to the 
conduction velocity of the MUAP’s and the interelectrode 
distance of the bipolar electrode, and has been used to 
estimate the conduction velocity. From the recording point 
of view, however, the dips are distortion to the “true” 
myoelectric signal power spectrum because the dips are not 
the property of the signal, but the property of the electrode. 
When the interelectrode distanced is small enough that 
l1tBd/vl<1t, where B is the frequency bandwidth of the EMG 
signal, the dips will be out of the frequency range of the 
signal. From a mathematical point of view this may be 
restated in the simpler form IBd/vl<l. However, 1: has been 
left in above to indicate that both sides of the equation are 
phases in a sine function (1t=l80°). 

It was noticed in the context of the present invention that 
the sign change of the transfer function across the zero 
frequency also introduces a distortion to the signal via the 
nonlinear phase-frequency response. This can be seen more 
obviously if the transfer function is rewritten under the 
condition, 

where l l stands for the “absolute value of’ and sgn(f) is 
de?ned in equation (4). The phase-frequency response func 
tion 1t/2 sgn(f) of the bipolar electrode transfer function is 
nonlinear and hence introduces distortion to the recorded 
EMG signals. 

If the EMG signal on the skin is e(t), referring to the 
ground, the signal detected by the bipolar electrode is y(t), 
and the Fourier transforms of the signals are E(f) and Y(f), 
respectively, then according to equation (7): 

then, according to equations (3) and (4), one can show that 

So the conclusion was reached that when the interelec 
trode distance is reduced to avoid the dips in the spectrum 
of the signal recorded with a bipolar electrode, the transfer 
function of the bipolar electrode can be expressed as a ?lter 
function characterized by the absolute value of the sine 
function and a Hilbert transform operation plus a sign 
change. 

The Bipolar Electrode-Hilbert Transform Recording 
Method 

The transfer function of a bipolar electrode introduces 
phase distortion to the EMG signal in spite of its ?ltering 
function characterized by a sine function when the inter 
electrode distance d satis?es lnBd/v|<n. The phase distortion 
can be expressed as a Hilbert transform operation. Accord 
ing to equation (2), the Hilbert transform of the Hilbert 
transform of a signal is the same signal except a sign change. 
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Thus, the phase distortion can be corrected by applying a 
Hilbert transform to the EMG signal recorded with a bipolar 
electrode with an interelectrode distance d which satis?es 
l1tBd/Vl<1t. From equation (8) to (11), the phase'corrected 
signal will be 

(12) 

and e(t) is the EMG signal when measured with a monopolar 
electrode. 
The condition, l1tBd/vI<1t, is to ensure that the dips in the 

transfer function of the bipolar electrode do not fall within 
the frequency range of the EMG signal. Since the bipolar 
electrode is used to introduce high-pass ?ltering effect to 
compensate the low-pass ?ltering effect of the volume 
conduction, it is required that the negative slope after the 
turning point of the sine function should also be kept out of 
the frequency band of the EMG signal. This means that the 
interelectrode distance d of the bipolar electrode should also 
satisfy the following condition: 

Therefore, the maximum allowed interelectrode distance 
dmax can be calculated from |1tBdmax/v|=1t/2. For example, 
suppose the average conduction velocity v of muscle ?bers 
is 3.2 mm/msec, the frequency band B of surface EMG 
signals is within 500 Hz. Then, the maximum interelectrode 
distance dmax turns out to be dmax=3.2 mm. When the 
interelectrode distance d is smaller than the maximum 
distance dmax, is guaranteed that the clips will not present in 
the spectrum of the recorded signals, and the bipolar elec 
trode will always boost the high frequency components and 
suppress the low frequency components in the signal. For 
larger muscles which may have higher muscle conduction 
velocity of, say 5 mm/msec, the interelectrode distance may 
be larger up to 5 mm. Choosing smaller interelectrode 
distance is safe to satisfy the conditions listed above, but 
smaller interelectrode distance means larger reduction of the 
signal amplitude. An interelectrode distance of 2.5 to 4 mm 
is preferred depending the size of the muscle to be measured. 
When the interelectrode distance of the bipolar electrode 

is chosen to satisfy |1tBd/v|<1t/2, the BEHT recording unit 
will boost the high frequency components and suppress the 
low frequency components of the surface EMG signal, and 
compensates very effectively for the signal components at 
high frequencies attenuated by volume conduction. As a 
result, EMG signals obtained with BEHT recording units 
reflect the underlying myoelectric activities truthfully. In 
fact, it was shown previously that the ?lter function of the 
volume conduction is as follows: 

where Ko(x) is the modi?ed Bessel function of the second 
kind, order 0, h denotes the radial distance from the ?bre to 
the point of measurement, a is the ?bre radius, and v is the 
conduction velocity of the ?bre. For simplicity, only a single 
?bre is considered here. Suppose the myoelectn'c signal at 
the source site (close to the ?bre) be e'(t), and E'(f)=F[e'(t)], 
then, 
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6 
where Fvcb(f) denotes the combined ?lter function for both 
the BEHT recording unit and the volume conduction. What 
is desired is to have Fvcb?') as ?at as possible in the 
interested frequency range, and the attenuation caused by 
Fvcb(f) as small as possible. The former requirement ensures 
that the least distortion to the signal is introduced, and the 
latter ensures that best SIN ratio is obtained. FIG. 2 shows 
an example which illustrates how the ?lter function of a 
BEHT recording unit compensates the ?lter function of the 
volume conduction to form a ?atter combined ?lter function 
in the interested frequency range of 50-500 Hz. In the 
example, the ?bre radius is assumed to be 40 um, the 
conduction velocity to be 3.2 m/sec., the interelectrode 
distance to be 2.5 mm, and the distance between the ?bre 
and the electrode to be 2 mm. All the amplitude-frequency 
responses have been normalized for easier comparison. It 
can be seen that 1) the volume conduction behaves like a 
low-pass ?lter, 2) the BEHT recording unit has a high-pass 
?ltering effect, and 3) the combined ?lter function, Fvcb(f), 
is relatively ?at in the frequency range 50-500 Hz. The 
wider frequency band of the combined ?lter function implies 
that the EMG signals recorded with the BEHT recording unit 
will suffer less distortion caused by both the volume con 
duction and the recording system, and will have better 
resolution in terms of the MUAPs in the signals. 

It has been shown that the double di?erentiating spatial 
?ltering (DDSF) is the best choice among the spatial ?lter 
ing methods. Compared to the DDSF method, the BEHT 
method is an even better choice. This is because EMG 
signals recorded with the BEHT method suffer less distor 
tion, and have higher S/N ratios. FIG. 3 shows typical 
combined volume conduction——electrode ?lter functions for 
both the DDSF and BEHT recording methods. Again, the 
muscle ?bre radius is assumed to be 40 um, the conduction 
velocity to be 3.2 m/sec., the interelectrode distance to be 2.5 
mm, and the distance between the ?bre and the electrode to 
be 2 mm. It can be seen that a ?atter frequency response in 
the interested frequency band is obtained with the BEHT 
method, which implies that the recorded signal will be less 
distorted when BEHT method is used. It can be also seen 
that the combined ?lter function for the BEHT method 
covers a larger area in the interested frequency band, which 
implies that the recorded signal will contain larger energy. 
Hence EMG signals recorded with the BEHT method will 
have higher S/N ratios. 

PIG. 4 shows two typical traces of EMG signals recorded 
with the DDSF and BEHT methods, respectively. The two 
signals were recorded simultaneously at the same location 
on the skin above the abductor pollcies brevis (APB) muscle 
during weak voluntary contraction. A brush-tip electrode 
array with an interelectrode distance of 2.5 mm was used. 
The spikes with single peaks in the signals are typical 
MUAPs. It is obvious that MUAPs detected with the BEHT 
method have higher amplitude than those detected with the 
DDSF method. However, the distortion to the signals caused 
by the volume conduction and recording methods is hard to 
evaluate for the two EMG signals since no reference is 
available for such evaluation. 

APPARATUS 

A bipolar electrode is de?ned as an electrode with two 
contacts for detecting the same potentials at slightly different 
locations. The characteristics of the electrode consists of l) 
the mechanism for detecting the potentials on the contact 
interface; 2) the size of the individual contacts; 3) the 
distance between the two contacts. For surface electrodes, 
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the individual contacts can be made independently. Such 
individually made contacts are called basic electrodes. A 
brush-tip electrode is an example of a basic electrode. Two 
adjacent brush-tip electrodes in an electrode array are used 
to form a bipolar electrode in this example. Referring to FIG. 
7 and 8, array 30 includes 16 brush-tip electrodes, including 
electrodes 31 and 32, which are spaced-apart 2.54 mm in this 
instance. Pairs of these electrodes, such as electrodes 31 and 
32, form the bipolar electrodes. In this instance the elec 
trodes are mounted on an insulating mount 33. There are also 
larger electrodes 34 which support the brush-tip electrodes, 
preventing possible high pressure between the skin and these 
electrodes when the array is applied to the skin surface. 

Referring to FIG. 6, this shows a brush tip electrode 14 of 
the type employed which includes a tube 20 about 0.5 mm 
in diameter in this example. A medical injection needle cut 
to a length of 10 mm was used. The tube produced has an 
inside diameter of 0.25 mm. Other hard elastic metal tubes 
could be substituted. A plurality of thin but hard and resilient 
wires 22 extend through the tube and outwardly from its 
bottom 24. There should be at least 10 wires, preferably 
20—50. Thirty tungsten wires were used in this example, 
tungsten being preferred for its hardness and corrosion 
resistance in the presence of salt. High hardness stainless 
steel is a less expensive alternative. Each wire should have 
a diameter less than 100 mm, preferably 20—80 pm. In this 
example the diameter is about 30 pm. Thus the bunch of 
wires has a diameter of 0.25 mm in this example which is 
equal to the inside diameter of the tube. The diameter of the 
electrode should in any case be less than 2.54 mm, prefer 
ably less than 1 mm. 

The ?ne wires are held ?rmly by crimping the tube at 
locations 23 and 25 which are about 2 mm apart. The wires 
are out even with top end 26 of the tube and project 0.5-2.5 
mm from the bottom 24 of the tube, preferably 0.7-1.7 mm 
and most preferably 1.0 mm as in this example. The wires 
are slightly splayed below the bottom of the tube, forming 
a tiny brush tip 27 and leaving room for individual wires to 
be bent a bit within the elastic deformation range of the 
wires. This allows the lengths of the wires to adjust to ?t a 
skin surface which is rough from a microscopic point of 
view. The approximate area of end 29 of the brush tip is 
0.05—0.07 mmz. In this example the area is 0.0492 mm with 
a diameter of 0.25 min. The end 29 is seen to be formed by 
the ends of the individual wires 22 and is therefore rough, 
multi-pointed and abrasive. 
A pair of the brush tip electrodes 14 are used to form the 

bipolar electrode 36 shown in FIG. 1. As discussed, these 
electrodes are preferably spaced 2.5—4 mm apart. A maxi 
mum distance of 3.2 mm is acceptable for most muscles 
although up to 5 mm may be suitable for larger muscles. The 
electrodes are shown in contact with the skin 37 of a patient 
so as to receive EMG signals from the muscle or nerve ?bers 
38. It should be understood however that the bipolar elec 
trode does not have to be made with brush-tip electrodes, 
provided the interelectrode distance satis?es equation 13. 
For example, the BEHT method can be used in the detection 
of motor/sensory nerve action potentials (APs). In such 
cases the individual electrode diameter and interelectrode 
distance can be 10 times larger than for muscle ?bers 
because nerve ?bers have a conduction velocity about 10 
times larger than muscle ?bers. 
The bipolar electrode is connected to a differential ampli 

?er 40 to form a bipolar electrode con?guration. The EMG 
signal is ampli?ed by the ampli?er which is connected to the 
Hilbert transform equipment shown generally at 44 in FIG. 
1. Referring to FIG. 5, the Hilbert transform is accomplished 
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?rstly by an analog/digital (AID) converter 46 which con 
verts the analog signal from the ampli?er into a digital 
signal. The AID converter is connected to means 48 for 
performing a Fast Fourier Transform (FFI‘) of the signal. 
This can be accomplished by hardware or software. For 
real-time display of the EMG signal, it is preferable to use 
a specialized digital signal processing (DSP) board to per 
form the FFT operation. For short EMG signals, however, a 
well written FFF program in C language is su?icient to 
perform the transforms on line in a personal computer based 
EMG machine. 
Many suitable FFI‘ programs are available in a variety of 

books. The FFT programs used in the implementation of the 
EMG recording method in this example were from Chapter 
12 (pp. 398-470) of Numerical Recipes in C-The An 0f 
Scienti?c Computing (by William H. Press, Brian P. Flan 
nery, Saul A. Teukolsky, and William T. Vetterling, Cam 
bridge University Press 1988, except for computer programs 
and procedures, which are from Numerical Recipes Soft 
ware 1987, 1988). The recording method was not imple 
mented with a DSP board in this example since the EMG 
signal recorded was one second long, and software imple 
mentation was fast enough. If faster FFTs are needed for 
recording long signals, a DSP board is a better choice 
because most commercially available DSP boards can be 
used to perform FFI‘ in a much faster speed than a program 
executed in a personal computer. 
The Fourier transformed EMG signal is then multiplied 

by the imaginary number, —j, and the sign of the signal at all 
negative frequencies is changed. The multiplication of two 
imaginary or complex, numbers together is an operation 
well known in electrical engineering and involves the sum 
mation and multiplication of four real numbers. Finally, the 
modi?ed signal in frequency domain is converted back to 
time domain with the inverse Fast Fourier Transform (FFF‘ 
1). The resultant is the EMG signal to be recorded. The 
FFI“1 operation is performed in a similar manner to the FFT 
operation using either hardware or software. 

Although the BEHT method was developed primarily for 
recording surface EMG signals, there is no reason why it 
could not be used for recording needle EMG signals and 
motor and sensory nerve action potentials. When needle 
EMG signals are to be recorded, a bipolar needle electrode 
should be used. Also, the bipolar needle electrode should be 
inserted into the muscle and maintained in a position that the 
two contacts of the electrode are located along the muscle 
?bers. For recording nerve APs, surface bipolar electrodes 
may be used. Since the conduction velocity of nerve ?bers 
is higher than that of muscle ?bers, the interelectrode 
distance of the bipolar electrode can be larger. As a conse 
quence, the size of contacts of the bipolar electrodes for 
recording nerve APs can be larger than that of the electrodes 
for the EMG signals. 

It will be understood by someone skilled in the art that 
many of the details provided above are by way of example 
only and can be modi?ed or deleted without departing from 
the scope of the invention which is to be interpreted with 
reference to the following claims. 
What is claimed is: 
1. An apparatus for monitoring electrical signals propa 

gating through a living organism, the apparatus comprising: 
a bipolar electrode; and 
means operatively connected to the electrode for perform 

ing a Hilbert transform on a signal from the electrode. 
2. An apparatus as claimed in claim 1, further including a 

differential ampli?er operatively connected between the 
bipolar electrode and said means. 
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3. An apparatus as claimed in claim 2, wherein the means 
for performing a Hilbert transform includes means for 
performing a Fourier transform on the signal. 

4. An apparatus as claimed in claim 3, further including 
means for multiplying the Fourier transformed signal by: LII 

where j is an imaginary number and 10 

1 f > 0 

sgnU) = 0 f = 0 

—1 f < 0. 

5. An apparatus as claimed in claim 4, further including 15 
means for performing an inverse Fourier transform on the 
signal multiplied by —j sgn(f). 

6. An apparatus as claimed in claim 5, wherein the 
apparatus includes an analog/digital converter operatively 
connected between the ampli?er and the means for perform 
ing a Fourier transform. 

7. An apparatus as claimed in claim 6, wherein the means 
for performing a Fourier transform and the means for 
performing an inverse Fourier transform include a digital 
signal processor. 

8. An apparatus as claimed in claim 1, wherein the bipolar 
electrode includes a pair of spaced-apart brush tip elec 
trodes. 

9. An apparatus as claimed in claim 1, wherein the bipolar 
electrode includes a pair of individual electrodes which are 
spaced'apart a maximum distance de?ned by: 

where 35 

d=distance between the electrodes 

B=frequency band of signals in HZ; and 
v=average conduction velocity of tissue of organism. 

10 
10. An apparatus as claimed in 9, wherein the individual 

electrodes are spaced-apart 2.5—4 mm. 
11. An apparatus as claimed in claim 9, wherein the 

individual electrodes are spaced-apart a maximum distance 
of 3.2 mm. 

12. A method of evaluating biological signals from a 
living organism, comprising: 

applying a bipolar electrode to tissue of the organism; 
processing signals from the electrode using Hilbert trans 

forms; and 
recording the processed signals. 
13. A method as claimed in claim 12, wherein the bipolar 

electrode comprises a pair of spaced-apart individual elec 
trodes which are spaced-apart on the living organism a 
distance (1 so as to satisfy the condition: 

14. A method as claimed in claim 12, including the steps 
of ?rst converting the signals to digital form and performing 
the Hilbert transforms with a digital processor. 

15. A method as claimed in claim 14, wherein the pro 
cessor implements the Hilbert transforms by ?rst generating 
a Fourier transform of the signals, then multiplying the 
Fourier transformed signals by: 

where j is the imaginary number and 

and generating an inverse Fourier transform of the signals 
so multiplied. 


